Introduction
============

Cancer is a major progressive health threat with high incidence and mortality all around the world. Moreover, cancer can lead to a tremendous burden on society in every country. Therefore we urgently need to search for innovative treatments and biomarkers for cancers. The role of miRNAs in cancer is a rapidly emerging area of investigation. MicroRNAs (miRs), which are evolutionary conserved, time sequencing and small non-coding RNA molecules, consist of approximately 22 nucleotides to regulate gene expression. MiRs inhibit the gene expression post-transcriptionally by binding specifically to the 3\'untranslated-region (UTR) of their target. The miRNA-27 family consists of miR-27a and miR-27b, and the former plays a vital role in tumor development. They are transcribed from different chromosomes and are different in nucleotides at the 3\' end. Increasing evidence has confirmed that miR-27a plays a vital role in tumor biology, including polymorphisms, tumorigenesis, proliferation, apoptosis, invasion, migration and angiogenesis. Besides this, miR-27a has vital clinical significance in drug sensitivity, treatment of cancer and patient\'s prognosis. In recent studies, miR-27a, was significantly dysregulated in various cancers, such as NSCLC, liver cancer and prostate cancer, and acted as an oncogene. Meanwhile, it could function as a tumor suppressor in gastric cancer, bladder cancer, esophageal squamous cell (Table [1](#T1){ref-type="table"}). In this review, we will focus on the action of miR-27a in the processes of tumor biology, such as polymorphisms, tumorigenesis, proliferation, apoptosis, invasion, migration and angiogenesis, as well as clinical significance including drug sensitivity, treatment of cancer and patients prognosis, work out the network of genes modulating its functions, and predict the potential role of miR-27a in the diagnosis and molecular targeted therapy of human cancers.

MiR-27a influences tumor biology
================================

1. Polymorphism of miR-27a {#Section1}
--------------------------

Single-nucleotide polymorphisms (SNPs) in miRNA genes were a novel class of genetic variations in the human genome. Increasing studies revealed pre-miR-27a (rs895819) or miR-27a gene (rs11671784) may be associated with cancer risk. They demonstrated that the SNPs could not only enhance or reduce the cancer risk but also exert a vital function in chemo-sensitivity. Recent studies reported that the polymorphism in hsa-miR-27a could play a vital role in CRC development and might contribute to a pathogenic mechanism.[@B1] And in gastric cancer, Sun et al. found that a common polymorphism (rs895819) could act as a vital factor in cell susceptibility via modulating miR-27a and ZBTB10 levels.[@B2] And Renata Hezova et al. also indicated that in gastric cancer, it has been reported that the variant genotypes of rs895819 located at miR-27a conferred a 48% increased risk of developing gastric cancer in the Chinese population. Moreover, in this trend, age may play an important role.[@B3] Similar to the study by Renata Hezova et al., there was a finding also revealed in Chinese population, individuals with rs895819 G variants exhibited significantly increased risk of gastric cancer. Besides this, it was also reported that subjects with rs11671784 A variants experienced opposite biological effects.[@B4] Furthermore, Yang et al. also indicated that the G/A polymorphism in miR-27a gene (rs11671784) decreased miR-27a expression and reduced gastric cancer risk.[@B5] And in NSCLC, there was a study proved this SNP (rs895819) was an independently unfavorable factor for the prognosis of NSCLC. The authors demonstrated that the variant allele G of rs895819 within pre-miR-27a was associated with a significantly increased risk of deaths for NSCLC. Moreover, they also found a significantly decreased response rate to platinum-based chemotherapy in advanced NSCLC patients with AG/GG genotype.[@B6] According to the study of Ma et al, allele G, allele G carrier (AG/GG) and genotype GG of rs895819 could be used as susceptible factors in NSCLC. Furthermore, they also reported that rs895819 was strongly associated with NSCLC carcinogenesis, but not with NSCLC progression in Chinese Han population.[@B7] Similarly, in younger Chinese populations, Zhang et al. found that the SNP rs895819 may act as a risk factor for breast cancer.[@B8] However it has been demonstrated that G allele of rs895819 was also related to reduced German familial breast cancer risk. [@B9] In addition, Yang et al. also found that the G-allele of rs895819, located in the terminal loop of the pre-miR27a oncogene, could reduce familial breast cancer risk strongly.[@B9] But interestingly, the study by Irene Catucci Paolo et al. revealed that the G allele of rs895819 could not enhance or decrease risk of breast cancer in the Italian population. There was no specific association in them,[@B10] though the specific reason has been revealed now. Apart from acting a risk in many tumors, there were studies indicating it could play a protective role in the development of human cancer. For example, Didier Meulendijks et al. reported that Rs895819 in miR-27a improved the predictive value of DPYD variants to identify patients at risk of severe fluoropyrimidine-associated toxicity. However, the association between rs11671784 and fluoropyrimidine-associated toxicity was not quite clear.[@B11] In southern Chinese women, miR-27a rs895819 polymorphism could reduce risk of cervical cancer, especially T allele and CT or TT genotype, compared with C and CC respectively.[@B12] In addition to rs895819 polymorphism, it has been reported that compared to A allele, rs11671784 G allele has significantly stronger effect in promoting chemo-sensitivity in bladder cancer. Furthermore, RUNX-1, a novel direct target of miR-27a, could play a vital role in the regulation of chemo-sensitivity in bladder cancer.[@B13] Not only in chemo-sensitivity, the study by Shi et al. showed that compared with AA homozygote, patients with AG/GG genotype could decrease susceptibility significantly in RCC cell. In addition, they also showed that rs895819 was associated with age and hypertension. Furthermore, the miR-27a polymorphism was found not to affect the survival of RCC cells in their study.[@B14] To estimate the clear association between the polymorphism and cancer, Wang et al. conducted a meta-analysis. They showed that the hsa-miR-27a rs895819 polymorphism did not correlate with overall cancer risk in the general population, however, the rs895819 AG genotype may play a protective role in the development of human cancer in white people.[@B15]

2. MiR-27a in tumorigenesis {#Section2}
---------------------------

MiR-27a is involved in many processes of tumor growth, including cell proliferation, apoptosis, migration, invasion, angiogenesis, and so on. Therefore, miR-27a may directly affect tumorigenesis. For example, Li et al. showed that over-expression of miR-27a inhibited the EGFR signaling pathway to alter the cell processes in 786-O cells, such as proliferation and apoptosis, migration and invasion, which acted as a vital role in RCC tumorigenesis.[@B16] Besides this, the assays have also demonstrated that no matter *in vitro* or *in vivo*, miR-27a could significantly decrease proliferation and invasion activities of ESCC cell in nude mice, by directly targeting KRAS to suppress tumorigenesis.[@B17] Moreover, Li et al. also reported that miR-27a could function as a suppressor in breast cancer. It targeted and down-regulated TMEM170B inhibiting the Wnt/β-catenin pathway, which could suppress breast cancer proliferation, migration, and tumorigenesis.[@B18] Apart from the studies above which suggesting miR-27a could play a vital role in repressing many tumors growth, there were evidences illustrating that it also acted as an enhancer in the angiogenesis of tumors. For example, TColangelo revealed that miR-27a, acted as an oncomiRNA from the early phases of colon tumorigenesis, modulating MHC class I surface exposure by directly targeting calreticulin which showing that miR-27a played a critical role in colon tumourigenesis.[@B19] Similar to this, there was a study which proved that miR-23a/24-2/27a clusters could function as a causal role in mammary tumorigenesis and be an oncogene to enhance cell invasion and metastasis, through targeting Sprouty2 (SPRY2) and significantly activating p44/42 MAPK in mammary carcinoma.[@B20] In addition, recent studies demonstrated that miR-27a and EGFR functioned as downstream effector of mutant p53 and miR-27a/EGFR/ERK1/2 axis driven by p53-273H could play a vital role in promoting human tumor formation.[@B21] Furthermore, the study of Wang et al. also revealed that up-regulation of miR-27a could strongly enhance the malignant transformation of human bronchial epithelial cells, via targeting and negatively regulating Fbxw7, which suggested that miR-27a functioned as an oncogene in human tumorigenesis.[@B22] Similarly, B4GALT3, up-regulated by miR-27a, was recognized to significantly contribute to tumorigenic activities, like migration and invasion by β1-integrin pathway.[@B23] In bladder urothelial carcinoma, Xu et al. reported that a new angiogenic factor AGGF1 was significantly lower in the high-grade urothelial carcinoma group than that in the low-grade urothelial carcinoma group or than that in the normal urothelium tissue group, compared with other angiogenic factors such as VEGFA. But surprisingly, over-expression of miR-27a suppressed the expression of AGGF1 which may promote tumorigenesis of cancer cells.[@B24]

3. MiR-27a in cancer proliferation and apoptosis {#Section3}
------------------------------------------------

More and more studies have proved that miR-27a was associated with proliferation and apoptosis which were important parts of tumor cell growth. Therefore, by further understanding the mechanism it was promising to inhibit tumor occurrence. It was universally known that miR-27a played an important role in the cell proliferation and apoptosis. For example, Bao et al. described that in colorectal cancer, miR-27a could not only inhibit cell proliferation, enhance apoptosis, but also attenuate cancer cell migration via targeting SGPP1 and Smad2, which were inversely correlated with miR-27a. They also reported that down-regulation of p-STAT3 and up-regulation of cleaved caspase 3 also were linked to it and miR-27a was found significantly down-regulated. *In vivo*, miR-27a inhibited colon cancer cell growth in tumor-bearing mice.[@B25] Similar to the study by Bao et al, miR-27a also had a positive effect on cell proliferation. It could function as a tumor suppressor in renal cell carcinoma by targeting epidermal growth factor receptor (EGFR), a direct target of miR-27a. Moreover, miR-27a could reduce its downstream gene cyclin D1, CDK2, and up-regulate the expression of the CDK inhibitor p27 to inhibit proliferation and induces apoptosis in 786-O cells. And *in vivo*, they found that miR-27a attenuated RCC tumor growth in mouse xeno-graft models.[@B16] Consistent with this discovery, miR-27a, significantly lower in ESCC cells, could inhibit esophageal squamous cell carcinoma cells proliferation via a direct target: KRAS.[@B17] Similar inhibitory effects of miR-27a on cell proliferation were found on gastric cancer cells. The study showed that *in vitro* and *in vivo*, down-regulation of miR-27a could inhibit proliferation of gastric cancer cells. It also reported that miR-27a, which was own-regulated, could significantly up-regulate the expression of p21; while in the expression of pglycoprotein as well as cyclin D1, it could exert opposite biological effects.[@B26] Furthermore, it was also reported that stable lentiviral transduction of anti-miRNAs targeted miR-27a in U87 glioma cells, and anti-miR-27a reduced the viability as well as invasiveness, and increased apoptosis of U87 cells.[@B27] In glioblastoma cell lines, miR-27a antagonists reduce cell proliferation and invasion.[@B28] However, recent reports have shown that miR-27a promoted cell proliferation in GBM cell lines by directly targeting MXI1.[@B29], [@B30] Apart from these studies, Acunzo et al. reported that MET and EGFR in NSCLC could be regulated by miR-27a.[@B31] Furthermore, Yang et al. found that genistein activated miR-27a expression of NSCLC to induce apoptotic activities of cancer cell. And genistein may decrease MET protein expression levels in human lung cancer.[@B32] It was reported that in oral oquamous cell carcinoma (OSCC), miR-27a, negatively correlated with the MCPH1 protein level, could target MCPH1 to induce cell apoptosis.[@B33] Li et al. also further confirmed the inhibitory effect of miR-27a on the proliferation. They revealed that miR-27a could target and down-regulate TMEM170B to inhibit the Wnt/β-catenin pathway to suppress breast cancer proliferation.[@B18] Apart from inhibiting cancer cell proliferation activities, it was also found that miR-27a could play a crucial role in multiple tumors. Different from breast cancer above, in liver cancer, it was showed that miR-27a, which was up-regulated in obese patients, could promote proliferation ability of liver cancer cell through FOXO1. Meanwhile, miR-27a could enhance the G1/S cell cycle transition by significantly decreasing the cell cycle inhibitors p21 and p27, as well as increasing cell cycle regulator cyclin D1.[@B34] In addition, similar effects of miR-27a on HCC cell proliferation were also found by Li et al. They reported that miR-27a could be up-regulated significantly in hepatocellular carcinoma tissues and cell lines, and further demonstrated down-regulation of miR-27a inhibited HCC cell proliferation through promoting apoptosis and inducing G1‑phase cell cycle arrest. Furthermore, they also reported that miR-27a promoted proliferation of hepatocellular carcinoma cell by suppressing target gene peroxisome proliferator-activated receptor γ.[@B35] Interestingly, different from the study of Bao et al., there was a finding that reported the opposite result that up-regulation of miR-27a may play an important role in enhancing the proliferation and invasion of colon cancer cells, though the specific mechanisms were not quite clear in this finding.[@B36] Similar to it, miR-27a was shown to be oncogenic according to the study of Sudhakar Chintharlapalli et al. CDODA-Me, could decrease expression of miR-27a, resulting in enhanced expression of ZBTB10 and Myt-1 which subsequently induced downstream growth inhibitory, proapoptotic and antiangiogenic genes and pathways in colon cancer cells.[@B37] The same effect could be found in prostate cancer (PCa), over-expression of miR-27a resulted in significantly increased expression of androgen-regulated genes. In addition, miR-27a, which was a target of PHB, increased AR activity in PCa cells through loss of PHB corepressive activity to alter PCa cell growth.[@B38] Li et al. described that miR-27a could function as a tumor suppressor in renal cell carcinoma, but Peng et al. had a different view. They revealed that *in vitro*, over-expression of miR-27a could enhance cell proliferation and its low expression exerted opposite effects, while the direct target was unknown yet. Interestingly, they also reported that miR-27a was up-regulated in RCC tissues but had no effect on cell apoptosis. But the specific underlying mechanisms were again not quite clear in this study.[@B39] It was reported that miR-27a could inhibit cell proliferation activity in ESCC cell, but there was a study where it exerted the opposite effects. MiR-27a-3p, over-expressed in ESCC cell lines and tissues, could enhance ESCC cell proliferation activity through targeting FBXW7.[@B40] And the finding by Mónica Rivera-Díaz et al. revealed the FBXW7 and ADORA2B may be regulated by miR-27a in GBM patients, but these hypotheses in this study may need many investigations to prove them. Apart from these studies above, Wang et al. also revealed that up-regulation of miR-27a could not only enhance the malignant transformation but also promote cell proliferation activity of human bronchial epithelial cells induced by SV40 small T antigen, via targeting and negatively regulating Fbxw7.[@B22] (Figure [1](#F1){ref-type="fig"})

4. MiR-27a in cancer invasion and migration {#Section4}
-------------------------------------------

Metastasis, the most important step in tumor progression, has been a heavy burden to people all over the world. Numerous studies have proved that miR-27a was closely related to tumor metastasis. Accordingly, the specific metastasis process was urgently needed to be studied. Recently, there was emerging evidence that it could play a vital role in cell migration of many tumors. The study of Bao et al. has revealed miR-27a acted as a tumor suppressor by targeting SGPP1 and Smad2 to attenuate cell migration in colorectal cancer.[@B25] It was shown that miR-27a-3p transfection could significantly decrease the invasive ability of OSCC cell lines and YAP1 (Yes-associated protein-1) was a direct target gene of miR-27a-3p. Moreover, increasing the expression of miR-27a-3p could significantly decrease the expression level of YAP1 and several epithelial to mesenchymal transition (EMT) related molecules in OSCC cell lines, including Twist and Snail.[@B41] Similar effects could be found in prostate cancer. COUP-TFII was negatively regulated by miR-101 and miR-27a, and loss of miRNA promoted metastasis by inducing COUP-TFII. Moreover, FOXM1 and CENPF could be induced by COUP-TFII to promote metastasis.[@B42] These inhibitory effects on migration and invasion were revealed in oral squamous cell carcinoma (OSCC); a study showed that miR-27a, negatively correlated with the MCPH1 protein level, could target MCPH1 inhibiting cell invasion.[@B33] Consistent with this discovery, there was a study that revealed miR-27a was down-regulated and could inhibit cell invasion by directly targeting and negatively regulating KRAS in esophageal squamous cell carcinoma cells.[@B17] In addition, over-expression of miR-27a functioned as an inhibition role in RCC cell by targeting epidermal growth factor receptor (EGFR).[@B16] Similar to the studies above, Li et al. also reported that miR-27a was characteristic as a tumor suppressor by targeting and down-regulating TMEM170B to inhibit the Wnt/β-catenin pathway, which could repress migration and tumorigenesis activities in breast cancer cell.[@B18] Except for the inhibitory effects on migration and invasion, miR-27a could act in an opposite role in many tumors. Sun et al. has showed that miR-27a, which was up-regulated, could target and up-regulate B4GALT3 to promote migration, invasion by β1-integrin pathway and regulate EMT-associated molecules. Meanwhile, instead of the stability of B4GALT3 miRNA and protein, miR-27a increased the transcription of B4GALT3. They also detected the effects induced by miR-27a could be abolished via knock-downing B4GALT3 in cervical cancer cells.[@B23]

Similarly, it was reported that in osteosarcoma, CBFA2T3, which was negatively related to miR-27a expression, was a target of miR-27a, and miR-27a co-over-expression promoted metastatic properties of SAOS2. Furthermore, miR-27a inactivation by sponges reduced metastatic properties in HOS and KHOS osteosarcoma cells.[@B43] At the same time, miR-27a could regulate other OS-related genes, including SEMA6A, which was an established miR-27a/b target.[@B44] Moreover, the expression of SEMA6A was negatively associated with miR-27a and the metastatic potential in SAOS2 and LM7 cells. In addition to studies above, an article also revealed that miR-23a/24-2/27a cluster, which was increased in mammary carcinoma, could promote distant cell migration and invasion in mammary carcinoma through SPRY2 *in vitro*.[@B20] Furthermore, SPRY2, which was directly targeted by the miR-23a/24-2/27a cluster, was recognized as an inhibitor of the p44/42 MAPK signaling pathway,[@B45], [@B46] and p44/42 MAPK enhanced breast cancer cell (MCF-7) migration and invasion.[@B47], [@B48] EGF regulated the expression of miR-23a/24-2/27a cluster partly via c-MYC, which played an important role in cell migration activity. Interestingly, different from Li et al, the Transwell chamber with Matrigel assay by Peng et al. demonstrated that high levels of miR-27a strongly promoted the invasion of RCC cells, whereas low expression of miR-27a had an opposite effect.[@B39] The results from the Matrigel Transwell assay also indicated that the inhibition of miR-27a substantially impaired the invasiveness of U87 cells, though the specific underlying mechanisms was not quite clear in this study.[@B27] (Figure [2](#F2){ref-type="fig"})

5. MiR-27a in angiogenesis {#Section5}
--------------------------

Angiogenesis could significantly promote cell growth and was generally accepted as a vital characteristic in various malignant neoplasms. Increasing numbers of studies revealed that miR-27a played a crucial role in enhancing or inhibiting the tumor angiogenesis. It has been reported that in animal models, up-regulation of miR-27a may promote angiogenesis in tumor tissues. However, the specific mechanisms by which it acted were still unclear.[@B49] Tang et al. also demonstrated that miR-27a could lead to angiogenesis through mediating endothelial differentiation of BCSLCs. Hence, it could be a novel target for anti-angiogenesis cancer therapy.[@B50] Moreover, Li et al reported that it determined endothelial differentiation of breast cancer stem cells, contributing to tumor neoangiogenesis.[@B51] But the specific target gene has been not shown. Several findings revealed that angiogenesis could be promoted by miR-27a/b through directly targeting the angiogenesis inhibitor SEMA6A, which acted as inhibitors of angiogenesis.[@B52], [@B53] Over-expression of miR-27a/b enhanced angiogenesis *in vitro*, whereas inhibition of miR-27a/b reduced angiogenesis *in vitro* and *in vivo*.[@B44] These data were in accordance with the study by Zhou et al., demonstrating that the miR-23/27/24 clusters could regulate angiogenesis.[@B54] That MiR-27a functioned as an angiogenesis promoter has been confirmed by Jennifer A. Young et al. MiR-27a targeted VE-cadherin to be a major regulator of angiogenesis and regulated EC junctions to control vascular integrity. And they also reported miR-27a was rapidly down-regulated with the stimulation of *in vitro* angiogenesis, and the expression was reduced in neovessels *in vivo*.[@B55] Similarly, in the study of Zhao et al., miR-27a-3p deregulation could contribute to vasculogenic mimicry (VM) and metastasis by directly targeting VE-cadherin.[@B56] Consistent with this discovery, there was a study also reported the evidence that microRNA-27a: ZBTB10-specificity protein pathway could lead to breast cancer angiogenesis.[@B57] In addition, Lai et al. found that FSH may enhance not only VEGF but also Cox2 and survivin expression via activating miR-27a: ZBTB10-Sp1 signal pathway. Next, it further induced angiogenesis in ovarian tumor. And VEGF, Cox2 have been reported that they acted as factors to contribute to tumor angiogenesis.[@B58] Interestingly, in previous studies, a finding has reported that FSH could also enhance VEGF expression mediated by survivin and HIF1 α by PI3K/AKT signal pathway.[@B59] Similar to the studies above, miR-27a, acted as an angiogenesis promoter, could directly target and down-regulate calreticulin affecting MHC class I exposure to affect cell proliferation and angiogenesis *in vitro*.[@B19] (Figure [3](#F3){ref-type="fig"})

6. The molecular or cellular mechanisms of miR-27a {#Section6}
--------------------------------------------------

MicroRNAs regulate gene expression at the post-transcriptional level by binding to the partial sequence homology of the 3\'-untranslated region of target messenger (m)RNA. In recent years, various studies have been reported that miR-27a could regulate other related molecules to affect tumorigenesis. MiR-27a affected tumor growth by targeting different genes or signaling pathways to affect their protein expression levels. It was involved in development processes of tumors, such as proliferation, apoptosis, invasion, migration and angiogenesis. For example, it could function as a tumor suppressor via targeting EGFR (a direct target of miR-27a). Besides this, it could reduce its downstream gene cyclin D1, CDK2, and up-regulate the expression of the CDK inhibitor p27 to inhibit proliferation.[@B16] The molecular mechanism by which miR-27a targets different molecules has been demonstrated in various findings, but some specific mechanism in tumorigenesis are still unclear. The signaling pathway played an important role in the molecular mechanism of cancer development. MiR-27a could affect the p44/42 MAPK signaling pathway to influence migration activity. SPRY2 was a directly targeted of miR-27a and recognized as an inhibitor of the p44/42 MAPK signaling pathway, hence, miR-27a could target SPRY2 to regulate p44/42 MAPK signaling pathway.[@B45], [@B46]

Epithelial mesenchymal transition (EMT) is a process where epithelial cells lose their cell polarity and cell-cell adhesion or lose typical epithelial features and are transformed into mesenchymal cells, and could play a critical role in cell migration. A number of studies have revealed that miR-27a could regulate the cell migration by epithelial mesenchymal transition. [@B23], [@B41] Apart from this, miR-27a could also affect the cell cycle to regulate tumor cell activity. For example, miR-27a could enhance the G1/S cell cycle transition by significantly decreasing the cell cycle inhibitors p21 and p27, as well as increasing cell cycle regulator cyclin D1 to promote proliferation.[@B34] Additionally, down-regulation of miR-27a inhibited HCC cell proliferation through inducing G1‑phase cell cycle arrest.[@B35] MiR-27a influenced the cell proliferation or migration or angiogenesis to further promote or inhibit the tumor growth.

7. MiR-27a regulates intermolecular interaction {#Section7}
-----------------------------------------------

P53, functioning as a tumor suppressor, has played a vital role for protection against cancer. Mutant p53 was different with p53 and promoted the tumor development. Mutant p53, targeting and down-regulating directly miR-27a, could bind to the miR-27a promoter region and repress the expression of miR-27a. And epidermal growth factor receptor (EGFR), a direct target of miR-27a, further promoted a sustained EGF-induced extracellular signal-regulated kinase 1/2 activation to promote tumor development.[@B21] MET, a membrane receptor for the hepatocyte growth factor (HGF),[@B60] could significantly regulate the miR-23a/24-2/27a cluster in NSCLC cells. EGFR, as we know, was a membrane receptor and could enhance the growth epithelial tissues.[@B3]-[@B5], [@B61]-[@B63] And sprouty2 protein also increased the expression of MET and EGFR protein levels in the cells.[@B64]-[@B66] MiR-27a, a member of miR-23a/24-2/27a cluster, directly targeted MET and EGFR to repress their levels. Apart from this, there was another way to regulate MET and EGFR. MiR-27a indirectly acted on their protein levels by targeting sprouty2 to reduce the MET and EGFR levels in NSCLC.[@B31] Follicle-stimulating hormone (FSH) targeted miR-27a to up-regulate VEGF, Cox2 and survivin in ovarian cancer. And over-expression of Cox2, survivin and VEGF may promote the cancer angiogenesis. Sp1 acted as a vital role in microRNA-27a: ZBTB10 pathway, besides, ZBTB10 could target it to facilitate ovarian cancer angiogenesis.[@B10] Epidermal growth factor (EGF) regulated the expression of miR-23a/24-2/27a cluster partly through c-MYC.[@B20] And the miR-23a/24-2/27a cluster directly and negatively regulated SPRY2 to activate MAPK signaling to enhance breast cancer cell (MCF-7) migration and invasion.[@B47], [@B48] 3 acetyl-11-keto-b-boswellic acid (AKBA) and curcumin repressed the expression of miR-27a in colorectal cancer. And miR-27a was down-regulated by curcumin treatment alone, but a combined treatment of AKBA and curcumin could further inhibit the level of miR-27a. Similarly, the combined treatment could increase the FBXW7 expression level. MiR-27a targeted directly FBXW7 to further inhibit cyclin D1 and cMyc.[@B67] The epithelial-mesenchymal transition (EMT), played a critical role in metastasis for cancer progression. The process where epithelial cells lose their cell polarity and cell-cell adhesion was called EMT which could be a critical step in the dissemination of malignant diseases. YAP1 (Yes-associated protein-1) was a direct target gene and negatively correlated with miR-27a. Besides, miR-27a-3p, as one of the vital upstream molecules, could influence EMT-related inducers Snail and Twist through YAP1-OCT4/Sox2 signal axis.[@B41] (Figure [4](#F4){ref-type="fig"})

Clinical significance of miR-27a
================================

1. MiR-27a affects drug sensitivity and resistance {#Section1_1}
--------------------------------------------------

As everyone knows, drug resistance is a great threat to cancer patients and a heavy burden to every family. Accordingly, it is urgent for us to understand the mechanism of drug resistance. Increasing studies demonstrated that miR-27a participated in the occurrence of cell drug resistance. MiR-27a could be a target of the drugs or target different genes to enhance or inhibit the drug sensitivity, hence, it may be a potential therapeutic target for the clinical therapy for tumors.

Down-regulation of miR-27a could not only significantly reduce the expression of P-glycoprotein and the transcriptional activity of cyclinD1 but also up-regulate the expression of p21 to repress cell vincristine, adriamycin and 5-fludrouracil drug resistance.[@B26] Additionally, there was a study reported that miR-331-5p and miR-27a could increase the sensitivity of K562/DOX and HL60/DOX cells to DOX. The expression of miR-331-5p and miR-27a was negatively related to the expression of drug-resistant factors such as P-glycoprotein (P-gp) and MDR1. P-gp down-regulation could reverse the drug-resistance, and down-regulated MDR1 could increase sensitivity of the K562-resistant cancer cells to DOX.[@B68] Interestingly, it was also revealed that miR-27a and miR-451, being in up-regulated, could promote expression level of MDR1 in human ovarian cancer cell and cervix carcinoma cell.[@B69] Therefore, miR-27a may have a promising future in the treatment of DOX resistance. Similar to the effect of repressing the cell drug resistance, the gene of BAK may play a vital role of functional target of miR-27a in breast cancer. Moreover, knockdown of miR-27a increased the sensitivity of cancer cells to cisplatin treatment by BAK-SMAC/DIABLO-XIAP pathway. The effect of DOX, TRAIL (tumor necrosis factor-related apoptosis-inducing ligand (TRAIL)), and 5-FU to cancer could also be promoted by miR-27a. And there may exist a negative correlation between miR-27a and Bak in breast cancer.[@B70] It was possible that GBM patients with high miR-27a expression levels may respond better to certain chemotherapeutic agents, but the specific underlying mechanisms were not quite clear in this study. Responding better, we know, may mean a better overall survival (OS). In addition, Deng et al. also found that RUNX-1 could act as a novel direct target of miR-27a, which also played a vital role in the regulation of chemo-sensitivity in bladder cancer. They also found that when compared to A allele, rs11671784 G allele has a significantly stronger effect in promoting chemo-sensitivity in bladder cancer partially through reducing P-gp expression.[@B13]

Apart from the role of inhibiting the cell drug resistance, miR-27a could exert an opposite effect in many tumors. Zhao et al. found that the down-regulation of miR-27a could repress the cell drug resistance in GC cells.[@B26] But interestingly, there was an opposite result. A study reported that HIF-1α and miR-27a were up-regulated, and HIF-1α acted as an up stream regulator of miR-27a to induce the expression of MDR1/P-gp, LRP and Bcl-2 in GC. And HIF-1α-miR-27a signaling enhanced the properties of MDR.[@B71] In recent years, studies have shown that miR-27a, as a member of the miRNA family, has been demonstrated to affect the MDR in GC cell significantly.[@B26] Different from the study by Deng et al., it has been proved that SLC7A11 expression was negatively correlated with miR-27a expression. And decreased expression of miR-27a could contribute to cell resistance of cisplatin through targeting the cystine/glutamate exchanger SLC7A11 in bladder cancer. Therefore, it may be promising for SLC7A11 inhibition with sulfasalazine to treat cisplatin-resistant disease.[@B72] In addition, Lin et al. showed that in prostate cancer, COUP-TFII was negatively regulated by miR-101 and miR-27a, and loss of miRNA promoted metastasis by inducing COUP-TFII. Moreover, FOXM1 and CENPF could be induced by COUP-TFII to promote enzalutamide resistance. Therefore, miR-101 or miR-27a would act as a promising target in therapy.[@B42] Similar to studies above, miR-27a/b could convert NOF to CAF-like fibroblasts (miR-27a/b-induced CAF) and indirectly affect chemo-sensitivity of esophageal cancer cells. MiR-27a/b-induced CAF enhanced resistance to cisplatin and high serum expression of miR-27a/b was correlated negatively with the response to chemotherapy.[@B73] (Figure [5](#F5){ref-type="fig"})

2. MiR-27a affects treatment of tumor {#Section2_1}
-------------------------------------

MiR-27a could regulate different molecules to affect the tumor development, and in the therapy of cancer, it also played an important role. As a vital emerging modulator in molecular or cellular pathways, miR-27a could be a target or target related genes to inhibit the tumor cell growth. MiR-27a acted as a promising target and many cancer patients could be benefited by it. Now, we briefly cite examples of cancer treatment through different signaling pathways.

Prostate cancer (PCa), the most commonly diagnosed malignancy among males, could be a significant threat and lead to a severe rate of cancer death all the world. MiR-27a may be a potential target for the treatment of prostate cancer and provide the patients with more benefits. In the cancer development stages or types, androgen receptor (AR) may act as a vital role in prostate cancer.[@B74] MiR-27a, a vital target of AR, could down-regulate mitogen-activated protein kinase kinase 4(MAP2K4) to mediate prostate cancer progression. MAP2K4, as we know, was a member of mitogen-activated protein kinase (MAPK) family and involved in a wide variety of cellular processes. MiR-27a could function as an oncogene to target MAPK4 for therapy of prostate cancer. MiR-27a was down-regulated in prostate cancer, and dihydrotestosterone (DHT) promoted the expression of miR-27a via AR signaling to decrease prostate cancer cell proliferation and migration. Besides, PI3K/Akt signaling also played a vital role in the development of prostate cancer. It could down-regulate miR-27a, furthermore, the miR-27a targeting MAP2K4 to affect the tumor growth. LY294002, acting as an inhibitor of PI3K/Akt signaling pathway, could directly affect the cancer progression.The two signaling above(AR signaling and PI3K/Akt signaling), targeted miR-27a to inhibit tumor progression.[@B75](Figure [6](#F6){ref-type="fig"})

Breast cancer is a major progressive health threat with the highest incidence and mortality in females all around the world. In recent years, many reports have demonstrated that breast cancer was a biologically heterogeneous disease,[@B76], [@B77] therefore, cellular pathways could be a key role in the treatment of cancer. Arsenic trioxide (ATO), as we know, in the treatment of APL (acute promyelocytic leukemia), could play a vital role and have a better clinical effect. It may also be a novel anti-tumor drug in breast cancer patients. ATO could directly target and down-regulate miR-27a to affect breast cancer cell development. Fbw7, acted as a tumor suppressor, and could be a direct target of miR-27a in breast cancer in various studies.[@B22], [@B78], [@B79] It was down-regulated by miR-27a to suppress the breast cancer cells growth. Hence, in the treatment of breast cancer, miR-27a could be a promising target and affect cell activities.[@B80] (Figure [6](#F6){ref-type="fig"})

3. MiR-27a reflects the cancer prognosis {#Section3_1}
----------------------------------------

The expression level of miR-27a was different in various tumors and it could be a target of the antineoplastic drugs or could directly/indirectly target genes to promote or inhibit the tumorigenesis. In the drug resistance or therapy of the cancer, miR-27a has been played a vital role and significantly affects the patient\'s prognosis. Accordingly, miR-27a may be a potential biomarker for cancer patients\' prognoses. The expression level of a combination of miR-27a or miR-331-5p could suggest clinical relapse or poor prognosis. For example, the patients with relapsed lymphocytic leukaemia or myeloid leukaemia, the expression of miR-27a or miR-331-5p was low but untreated patients was high.[@B26] Apart from it, it was possible that GBM patients with high miR-27a expression levels may respond better to certain chemotherapeutic agents. And the study also revealed that in GBM patients whose miR-27a expression levels were high would have a better outcome, while the GBM patients whose miR-27a expression levels were low may have a poor prognosis. Similarly, in the patients with metastatic or recurrent gastric cancer, miR-27a expression could be an independent predictive factor for OS. The patients whose miR-27a expression was higher would lead to poor outcomes.[@B81] The obese liver cancer patients with high miR-27a levels would tend to promote liver cancer proliferation when compared to those with low miR-27a levels. Hence, miR-27a may suggest that the obese liver cancer patients may have poor prognosis in the future.[@B34] Tang et al. reported that the osteosarcoma patients could increase the levels of miR-27a, when compared with healthy people. Additionally, the patients with advanced clinical stage, positive distant metastasis and poor response to chemotherapy tended to have high expression serum levels of miR-27a. Furthermore, they found that miR-27a could act as an prognostic factor to predict overall survival and disease-free survival.[@B82] Accordingly, these results above indicated that miR-27a may have a promising prognostic value of osteosarcoma patients prognosis. TMEM170B could be a targeted and down-regulated directly by miR-27a in breast cancer. Moreover, the Wnt/β-catenin pathway could be repressed by TMEM170B to suppress breast cancer progression. Breast cancer patients whose TMEM170B expression was lower had a shorter OS time, and ones whose β-catenin expression was higher could reduce the OS time. Furthermore, the lower expression of TMEM170B was significantly related to the pathological stage and the TNM status.[@B18]

Conclusions
===========

In this review, we focused on the function of miR-27a in tumor biology and clinical significance. It could play a vital role in the progression of cancers. In tumor biology, it could have the polymorphisms and significantly influence tumor cells tumorigenesis, proliferation, apoptosis, invasion, migration and angiogenesis. And in clinical significance, miR-27a could affect clinical therapy, drug sensitivity of patients and patient\'s prognosis. In detail, miR-27a was associated with various target genes to regulate tumor growth, like MCPH1, MXI1, FBXW7, KRAS, PHB, and so on. In conclusion, miR-27a participated in tumor biology and affected the clinical treatment, therefore, we suggested that miR-27a acted as a promising biomarker and potential therapeutic target in various tumors.
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![Dual roles of miR-27a in proliferation and apoptosis. ![](jcav10p2836i001.jpg) Stimulatory modification. ![](jcav10p2836i002.jpg) Inhibitory modification.](jcav10p2836g001){#F1}

![MiR-27a was found to be an important an oncogene or a tumor suppressor of metastasis. ![](jcav10p2836i003.jpg) Stimulatory modification. ![](jcav10p2836i004.jpg) Inhibitory modification.](jcav10p2836g002){#F2}

![MiR-27a could promote the angiogenesis of several tumors. ![](jcav10p2836i005.jpg) Stimulatory modification.](jcav10p2836g003){#F3}

![MiR-27a or miR-23a/24-2/27a regulated intermolecular interaction.](jcav10p2836g004){#F4}

![MiR-27a was confirmed to increase or decrease drug sensitivity in human cancer, which could be a target for the cancer therapy. ![](jcav10p2836i006.jpg) Stimulatory modification. ![](jcav10p2836i007.jpg) Inhibitory modification.](jcav10p2836g005){#F5}

![MiR-27a could be a target to the clinical therapy of cancer. DHT: dihydrotestosterone; ATO: Arsenic trioxide](jcav10p2836g006){#F6}

###### 

The dysregulated miR-27a and its targets in various cancers.

  Diseases                             Targeted gene                    References
  ------------------------------------ -------------------------------- ------------------------------
  NSCLC                                MET, EGFR                        Acunzo et al (31)
  hepatocellular carcinoma (HCC)       FOXO1                            Sun et al(34)
  PPARγ                                Li et al(35)                     
  prostate cancer(PCa)                 PHB                              Claire E. Fletcher et al(38)
  RUNX-1                               Deng et al(13)                   
  COUP-TFII                            Lin et al(42)                    
  renal cell carcinoma                 EGFR                             Li et al(16)
  esophageal squamous cell carcinoma   FBXW7                            Wu et al(40)
  colon cancer                         SGPP1,Smad2                      Bao et al(25)
  Calreticulin                         TColangelo et al(19)             
  cervical cancer                      B4GALT3                          Sun et al(23)
  oral squamous cell carcinoma         YAP1                             Zeng et al(41)
  MCPH1                                Thejaswini Venkatesh et al(33)   
  breast cancer                        SPRY2                            Li et al(20)
  TMEM170B                             Li et al(18)                     
  BAK                                  Zhou et al(70)                   
  gastric cancer                       P21                              Zhao et al(26)
  ovarian tumor                        ZBTB10                           Lai et al(58)
  tumors or ischemic diseases          SEMA6A                           Carmen Urbich et al(44)
  osteosarcoma                         CBFA2T3                          Zaidoun Salah1 et al(43)
  bronchial cancer                     Fbxw7                            Wang et al(22)
  Glioblastoma (GBM)                   MXI1                             Xu et al(29)
  esophageal squamous cell carcinoma   KRAS                             Jiang et al(17)
  hepatocellular carcinoma (HCC)       P21                              Sun et al(34)
  VE-cadherin                          Jennifer A. Young et al(55)      
  bladder urothelial carcinoma         SLC7A11                          Ross M Drayton et al(72)
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